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(54) Hybridization of polynucleotides conjugated with chromophores and fluorophores to 
generate donor-to-donor energy transfer system 



(57) The present invention contemplates chromo- 
phore-containing polynucleotides having at least two 
donor chromophores operatlvely linked to the polynu- 
cleotkje by linker arms, such that the chromophores are 
positioned by linkage along the length of. the polynucle- 
otide at a donor-donor transfer distance, and at least 
one ''fluorescing acceptor chromophore operatlvely 



linked to the polynucleotide by a linker amri, such that 
the fluorescing acceptor chromophore is positioned by 
linkage at a donor-acceptor transfer distance from at 
least one of the donor chromophores, to form a photonic 
structure for collecting photonic energy and transferring 
the energy to an acceptor chromophore, and methods 
using the photonic structures. 
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Description 

I 

Technical Field 

5 [0001] This invention relates to design and synthesis of modified synthetic nucleic acid polymers/oligomers with 
directly incorporated electronic/pHotonic transfer properties. In particular, it relates to the property of extended direc- 
tional non-radiative energy transfer These unique components can be programmed to self-assemble and organize 
into larger more complex structures. The directly incorporated electronicytphotonic functional properties allow connect 
tions and novel mechanisms to be formed within the organized structures. The combination of the properties allows 

10 ultimately for the creation of useful photonic and photovoltaic devices, DNA bio-sensors, and DNA diagnostic assay 
systems. , 

Background of the Invention 

IS [0002] The fields of molecular electronics/photonics and nanotechnology offer immense technological promise for 
the future. Nanotechnology is defined as a projected technology based on a generalized ability to build objects to 
complex atomic specifications. Drexler. Proc. Natl. Acad. Sci USA . 78:5275-5278, (1981). Nanotechnology means an 
atom-by-atom or moiecule-by-molecule control for organizing and building complex structures all the way to the mac- . 
roscopic level. Nanotechnology is a bottom-up approach, in contrast to a top-down strategy like present lithographic 

20 techniques used in the semiconductor and integrated circuit industries. The success of nanotechnology will be based 
on the development of programmable self-assembling molecular units and molecular level machine tools, so-called 
assemblers, which will enable the construction of a wide range of molecular structures and devices. Drexler, in "Engines 
of Creation", Doubleday Publishing Co., New York, NY (1986). Thus, one of the first and most Important goals in 
nanotechnology is the development of programmable self-assembling molecular construction units. 

25 [0003] Present molecular electronic/photonic technology Includes numerous efforts from diverse fields of scientists 
and engineers. Carter, ed. In "Molecular Electronic Devices II", Marcel Dekker, Inc. New York, NY (1987). Those fields 
include organic polymer based rectifiers, Metzger et al., In "Molecular Electronic Devices 11", Carter, ed., Marcel Dekker, 
New York, NY, pp. 5-25, (1987), conducting conjugated polymers, MacDIarmid et al.. Svnthetic Metals . 18:285, (1987), 
electronic properties of organk: thin films or Langmuir-Blogett films. Watanabe et al. , Svnthetic Metals . 2B:C473, (1 989), 
* 30 molecular shift registers based on electron transfer, Hopfield et al., Science . 241:817, (1988), and a self-assembly 
system based on synthetically modified lipids which form a variety of different "tubular" microstructures. Singh et al., 
in "Applied Bioactive Polymeric Materials, Plenum Press, New York, NY, pp. 239-249. (1988). Molecular optical or 
photonic devices based on conjugated organic polymers. Baker etal.. Synthetic Metals , 28:D639, (1989), and nonlinear 
organic materials have also been described. Potember et al., Proc. Annual Conf. IEEE in Medicine and Biology . Part 

35 4/6:1302-1303.(1989). 

[0004] However, none of the cited references describe a sophisticated or programmable level of self -organization 
or self-assembly. Typically the actual molecular component whteh carries out the electronb and/or photonic mechanism 
Is a natural biological protein or other molecule. Akaike et al., Proc. Annual Conf. IEEE in Medicine and Biology . Part 
4/6:1 337-1 338, (1 989). There are presently no examples of a totally synthetic programmable self-assembling molecule 

40 whfch produces an efficient electronic or photonic structure, mechanism or device. 

[0005] Progress in understanding self-assembly in biological systems is relevant to nanotechnology Drexler, Proc. 
Natl. Acad. Sci USA . 78:5275-5278. (1981). Drexler, in "Engines of Creation", Doubleday Publishing Co., New York, 
NY (1986). Areas of significant progress Include the organizatkjn of the light harvesting photosynthetic systems, the 
energy transducing electron transport systems, the visual process, nen/e conduction and the structure and function of 

45 the protein components which make up these systems. The so called bio-chips described the use of synthetically or 
biologically modified proteins to construct molecular electronic devices. Haddon et al.. Proc. Natl. Acad. Sci. USA . 82: 
1874-1878 (1985). (McAlear et al., in "Molecular Electronic Devices II", Carter ed., Marcel Dekker, Inc., New York NY. 
pp. 623-633. (1987). Some work on synthetic proteins (polypeptides) has been carried out with the objective of devel- 
oping conducting networks. McAlear et al., in "Molecular Electronic Devices", Carter ed.. Marcel Dekker. New York, 

so NY, pp. 175-180, (1982). Other workers have speculated that nucleic acid based bio-chlps may be nriore promising. 
Robinson et al., "The Design of a Bkx:hip: a Self-Assembling Molecular-Scale Memory Device". Protein Engineering . 
1:295-300, (1987). 

[0006] Great strides have also been made in our understanding of the structure and function of the nucleic acids, 
deoxyribonucleic acid or DNA, Watson, et al., in "Molecular Biology of the Gene", Vol. 1, Benjamin Publishing Co., 
S5 Menlo Park. C A, (1 987). which is the carrier of genetic information in all living organisms. In DNA. information is encoded 
in the linear sequence of nucleotides by their base units adenine, guanine, cytosine, and thymidine (A, G. C. and T). 
Single strands of DNA (or polynucleotides) have the unique property of recognizing and binding, by hybridization, to 
their complementary sequence to form a double stranded nucleic acid duplex structure. This Is possible because of 
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the inherent base-pairing properties of the nucleic acids; A recognizes T. and G recognizes C. This property leads to 
a very high degree of specificity since any given polynucleotide sequence will hybridize only to its exact complementary 
sequence. 

[0007] In addition to the molecular biology of nucleic acids, great progress has also been made in the area of the 
chemical synthesis of nucleic acids (16). This technology has developed so automated instruments can now efficiently 
synthesize sequences over 100 nucleotides in length, at synthesis rates of 15 nijcleotides per hour. Also, many tech- 
niques have been developed for the modification of nucleic acids with functional groups, including; fluorophores, 
chromophores, affinity labels, metal chelates, chemically reactive groups and enzymes. Smith et al . Nature, 321: 
674-679, (1986); Agarawal et al.. Nucleic Acids Research . 14:6227-6245, (1936); Chu et al.. Nucleic Acids Research 
16:3671-3691,(1988). ' 
[0008] An impetus for developing both the synthesis and modification of nucleic acids has been the potential for their 
use in clinical diagnostic assays, in area also referred to as DNA probe diagnostics. Simple photonic mechanisms have 
been incorporated into modified oligonucleotides in an effort to impart sensitive fluorescent detection properties Into 
the DNA probe diagnostic assay systems. This approach involved fluorophore and chemilurninescent-labelled oligo- 
nucleotides which carry out Forster non-radiative energy transfer. Heller et al, in 'Rapid Detection and Identification 
of Infectious Agents", Kingsbury et aL, eds., Academic Press, New York, NY pp. 345-356, (1 985), Forster. non-radiative 
energy transfer is a process by which a fluorescent donor (D) group excited at one wavelength transfers its absorbed 
energy by a resonant dipole coupling process to a suitable fluorescent acceptor (A) group. The efficiency of energy 
transfer between a suitable donor and acceptor group has a 1/f^ distance dependency (see Lakowicz et al., in "Prin- 
ciples of Fluorescent Spectroscopy", Plenum Press, New York, NY, Chap. 10. pp. 305-337, (1983)). 
[0009] In the work of Heller et al., supra , two fluorophore labelled oligonucleotides are designed to bind or hybridize 
to adjacent poslttons of a complementary target nucleic acid strand and then produce efficient fluorescent energy 
transfer in terms of re-emission by the acceptor The first oligonucleotide is labelled in the 3' terminal position with a 
suitable donor group, and the second is labelled in the 5' terminal position with a suitable acceptor group. The binding 
or hybridization to the complementary sequence positions the fluorescent donor group and fluorescent acceptor groups 
so they are at optimal distance (theoretically) for most efficient Forster non-radiative energy transfer. However, the 
observed energy transfer efficiency in terms of re-emission by the acceptor was relatively low (*20%) for this particular 
arrangement. 

, [0010] In later work (Heller et al., European Patent Application No. EPO 0229943, 1 987; and Heller et al„ US Patent 
4.996,143, Feb. 26, 1991), the advances in synthetic chemistry provided methods for the attachment of fluorophores 
at any position within an oligonucleotide sequence using a linker arm modified 'nucleotkje. Also, with this synthetic 
linkage technique it was possible to incorporate both a donor and an acceptor fluorophore within the same oligonucle- 
otide. Using the particular linker arm, it was found that the most efficient energy transfer (in terms of re-emissidn by 
the acceptor) occurred when the donor and acceptor were spaced by 5 intervening nucleotide units, or approximately 
1.7 nanometers (nm) apart. Heller et al., US Patent 4,996.143 also showed that as the nucleotide spacing decreases 
from 4 to 0 units (1 .4 nm to 0 nm), the energy transfer efficiency also decreases; which is not in accordance with Forster 
theory. As the nucleotide spacing was increased from 6 to 12 units (2 nm to 4.1 nm), the energy transfer efficiency was 
also found to decrease; which is in accordance with Forster theory. At the time, it was not explained nor understood 
why the more clc^ely spaced donor and acceptor arrangements had reduced energy transfer efficiency and were not 
in agreement with Forster theory. In particular, the teachings of Heller et al. did not address multiple donor resonance 
and extended energy transfer from donors beyond Forster distances of > 5 nm, 

[0011] Fluorescent energy transfer has been utilized in other areas whk:h include immunodiagnostlcs and liquid 
chromatography analysis. Morrison et al.. Anal. Biochem. . 174:101-120. (1988); and Garner et aL. Anal. Chem .. 62: 
2193-2198, (1990). Also, some of the initial demonstirations of simple fluorescent donor/acceptor energy transfer in 
nucleic acids were later corroborated by other workers. Cardullo et al., Proc. Natl. Acad. Sci. USA . 85:8790-8794, 
(1 988); and Morrision et al. Anal. Biochem. . 1 83:231 -244, (1 989). In the Cardullo et al. work, an arrangement is studied 
where two short (1 2-mer) oligonucleotide sequences, each terminally labelled with rhodamine acceptors and hybridized 
to a complementary 29-mer sequence, are associated with several intercalating donors (acridine orange). The arrange- 
ments described by Cardullo show some added energy transfer due to the additional donors. However, this increase 
in energy transfer efficiency is entirely consistent with direct donor to acceptor transfer, as none of the donors were 
described as functioning beyond the Forster distance necessary for efficient transfer. To date, there has been no de- 
scriptions of an organized structure capable of extended energy transfer from multiple donors and to an acceptor 
beyond nomial Forster distances. 

Summan^ of the Inventbn 

[0012] This invention relates to the design and synthesis of modified synthetic nucleic acid polymers/oligomers into 
which functional electronic/photonic properties are directly incorporated. In particular, it concerns incorporating the 
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property of an extended non-radiative energy transfer process into arrangements of synthetic nucleic acids. 
[0013] It has now been discovered that multiple chromophore donor groups which are located beyond the normal 
Forsler distance (> 5 nm) can be arranged to absorb and transfer photonic energy to a ternriinal acceptor group, thereby 
acting as-a light antenna or photonic conductor. This property involves the ability of an array of donor groups to absorb 

s photonic energy at one wavelength (hv^), and directionally transfer it, via a coupled resonance process, to an acceptor 
group, where it is then re-emitted as photonic energy at a longer wavelength (hv2). The selection and relative positioning 
of special donor chromophore groups, which include non-fluorescent chromophores, with appropriate acceptor fluor- 
ophores, leads to an efficient extended energy transfer process with unique properties. Additionally, appropriate designs 
for oligonucleotides and polynucleotides have found which allow a primary donor group to be placed in close proximity 

10 with an acceptor group. 

[001 4] Since the relative positions of the functional molecular components (chromophores) can be programmed, via 
their placement upon nucleotide sequences, nucleic acid containing the chronrK>phores can be designed to self-as- 
semble and organize into larger and more complex defined structures. The programmabilrty and functional electronic/ 
photonic properties of the molecular comfDonents enable connections, amplification mechanisms, and antenna arrays 

IS to be made within the nucleic acid structures. The combination of propertles'u'ltimately leads to the creation of photonic 
devices, photovoltaic devices, biosensors, and homogeneous and heterogeneous DNA diagnostic assay 
[001 5] The present invention therefore describes a polynucleotide having at least two (multiple) donor chromophores 
operatively linked to the polynucleotide by linker al-ms, such that the chromophores are positioned by the linkage along 
the length of the polynucleotide at a donor<kDnor transfer distance. Typically the donor chromophores are non-fluo- 

20 rescing chromophores. 

[0016] The polynucleotide can further contain a fluorescing acceptor chromophore operatively linked to the polynu- 
cleotide by a linker arm. wherein the fluorescing acceptor chromophore is positioned by the linkage at a donor-acceptor 
transfer distance from the donor chronnophores such that the multiple donors can collect excitation light and transfer 
it to the acceptor which then re-emits the collected light. 

25 [0017] In another embodiment the donor chromophores- and acceptor chromophores can be displayed upon more 
than one polynucleotide such that upon their hybridization, the acceptor fluorescing chromophore is brought into donor- 
acceptor transfer distance to at least one of the donor chromophores. Thus, combinations of polynucleotides are con- 
' templated containing preselected sequences and the requisite donor and acceptor chromophores that can be adapted 
for a variety of uses as described herein. 

30 [0016] For example, a diagnostic assay system is described that contains a polynucleotide capable of donor-donor 
transfer as described above. The system can utilize an acceptor chromophore that is present on a separate polynu- 
cleotide, or the acceptor chromophore can be present on the same polynucleotide as the donor chromophores. 
[001 9] The sequences of the polynucleotides can be selected for purposes of complementary hybridization to facil- 
itate assembly of larger structures capable of donor-donor transfer and ultimate donor-acceptor transfer Alternatively. 

35 the sequences of the polynucleotides can be selected to be complementary to target nucleic acid sequences such that 
the polynucleotides are used diagnostically to detect the target sequences In samples. 

[0020] In another embodiment, the Invention describes structures in the form of a nucleic acid duplex that are com- 
prised of at last two polynucleotides hybridized together by conventional complementary nucleotide base hybridization. 
Multiple polynucleotides can be hybridized to form the duplex as is represented in Figure 3. The polynucleotides contain 
40 operatively linked donor and acceptor chromophores to provide a larger structure upon which the disclosed donor- 
donor and donor-acceptor energy transfers can occur. The chromophores can be arranged along a single strand of 
the duplex structure, but are preferably positioned such that the energy transfer alternates between the strands of the 
duplex. 

[0021] Also contemplated is a biosensor device comprising a photonic energy sensing means and a polynucleotide 
45 of this invention having at least two donor chromophores operatively linked to the polynucleotide by linker arms, wherein 
the chromophores are positioned by the linkage along the length of the polynucleotide at a donor-donor transfer dis- 
tance. The bbsensor has at least one fluorescing acceptor chromophore operatively linked to the polynucleotide by a 
linker arm such that the fluoreiscing acceptor chromophore is positioned by the linkage at a donor-acceptor transfer 
distance from at least one of the donor chromophores. Furthermore, the polynucleotide is detectably positbned adja- 
50 cent to the sensing means such that the sensing means can detect photonic energy emitted from the acceptor chromo- 
phore upon excitation of the donor chromophores. 

[0022] In another embodiment, the invention contemplates a method for detecting the presence of a preselected 
nucleic acid sequence in a nucleic acid-containing sample that involves the use of one or more polynucleotides of this 
invention as a probe, and relying upon the energy transfer systems described herein for producing a detectable fluo- 
55 rescent acceptor emission to indicate a hybridization event. 

[0023] Other embodiments will be apparent based on the disctosures herein. 
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Brief Description of the brawinos 

[0024] In tfie drawings forming a portion of this disclosure: 

[0025] FIGURE 1 illustrates how two chromophore-labelled oligonucleotides (donor oligomer SEQ ID NO 1 and 
acceptor oilgofror SEQ ID NO 2) are designed to bind or hybridize to adjacent positions on a complementary target 
nucleic acid strand (target sequence SEQ ID NO 3). The binding or hybridization to the target sequence approxirnates 
the fluorescent donor group and fluorescent acceptor group at a preselected donor-acceptor transfer distance so that 
when the system is irradiated by photonic energy at hv, the donor group absorbs the energy and transfers it by non- 
radiative energy transfer ( — >) to the acceptor group which re-emits it at hvg. Irradiating and emitting photons are 
indicated by the wavy-lined arrows. The exact nucleotide sequence arid position of donor and acceptor groups is shown 
for the un-hybridized (or disassociated system) in the upper portion of the figure. The hybridized figure (or associated 
system) is represented schematically for purposes of simplicity in the lower portion of the figure. 
[0026] FIGURE 2 illustrates in Panel (a) a schematic' representation of multiple donprs groups (D) and a single 
acceptor group (A) incorporated Into a single DNA polynucleotide strand hybridized or associated to a template DNA 
oligomer. Panel (b) illustrates a multiple donor DNA polymer and an acceptor DNA Polymer assembled into an oraan- 
ized structure on a template DNA polymer 

[0027] FIGURE 3. in the upper portion, illustrates schematically the exemplary 14 nm photonic antenna structure 
described in Example 1 that is assembled and organized from four oligonucleotides: the 16-mer acceptor unit (AU) 
the 30-mer inteimediate donor 1 unit (ID1), the 29-mer intermediate donor 2 unit (ID2). and the terminal donor unit 
(TD). The lower portion of the figure illustrates extended energy transfer when the assembled structure is illuminated 
wit light at 495 nm. The wavy lines indicate irradiating or emitting photons and the dashed arrow ( — >) shows the 
direction of the extended energy transfer process. 

[0028] FIGURE 4 illustrates a homogeneous DNA hybridization assay method based on extended energy transfer 
as described in Example 3. The polynucleotides shown include the multiple donor-containing oligomer (MDO) the 
acceptor oligomer (AO), the quencher oligomer (QO) and a target DNA. Panel (a) shows the homogeneous system 
before the target DNA is denatured. Note that the acceptor group is proximal to the quencher group, and therefor 
emission from the acceptor is quenched. Panel, (b) shows the homogeneous system after the target DNA is denatured 
whereupon the multiple donor and acceptor oligomers have hybridized to the target DNA at specific, programmed, 
complementary sites to produce a structure capable of extended energy transfer. ' 

Detailed Description of the Invention 

A. Chromophore-Ck)ntaininQ Polynucleotides 

[0029] This invention rejates to the design and synthesis of modified synthetic nucleb acid polymers/oligomers into 
which functfonal electronic/photonic properties are directly incorporated. Synthetic nucleic acids having inherent rec- 
ognition properties (i.e.. complementary hybridization) and are ideal materials for constructing molecular components 
which can self-organize into electronic and photonic structures and devices. 

[00301 In one embodiment, the invention contemplates polynucleotide(s) having an acceptor chromophore group 
and one or more primary donor chromophores within Forster distance (< 5 nm). and at least two donor chrorriophores 
or preferably multiple chromophores located beyond normal Forster distance (> 5 nm). Operatively acceptor and donor 
chromophores are linked to the polynucleotide(s) by linker arms, such that the chromophores are positioned along the 
length of the polynucleotide at donor-donor transfer distance (1 .4 nm to 6. 1 nm) effective for resonant energy transfer 
as described by the present discoveries. 

[0031] The polynucleotides described herein can be formatted and used in a variety of configuratkDns. The donor 
chromophores can be present on a single polynucleotide and the acceptor chromophore can be present on a separate 
polynucleotide that is only brought into donor-acceptor transfer distance by a preselected hybridizatbn event. Alter- 
natively, acceptor chromophores can be present on the same polynucleotide together with one or more of the donor 
chromophores. 

[0032] In one embodiment, a polynucleotide has at least two donor chromophores operatively linked to the polynu- 
cleotide by linker arms such that the donor chromophores are positioned by the linkage along the length of the poly 
nucleotkJe at a donor-donor transfer distance as defined herein. A preferred donor-donor transfer distance is about 
1.4 to about 6.1 nanometers. 

[0033] The polynucleotide(s) have a predetemnined sequence selected to be complementary to other nucleb acid 
sequences, so that the chromophore containing polynucleotides can be programmed (1) to self-assemble with each 
other by the hybridization process, forming organized photonte or electronic structures on solid supports or thin films 
such as glass, silicon, germanium, gallium arsonide, polymers, resists. Langmuir Blodgett fluids and the like or (2) to 
bind to preselected target nucleic acid sequences in solution or attached to solkJ supports or thin film materials. 
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[0034] In one embodiment, a terminal or central polynucleotide further contains at least one fluorescing acceptor 
chromophore operatlvely linked tp the polynucleotide by a linker arm. such that the fluorescing acceptor chromophore 
is positioned by linkage at a donor-acceptor transfer distance of from about 0.1 nm to about 1.7 nm from at least one 
primary or main coupling donor chromophore. These configurations provide the organized structures capable of ex- 
tended non-radiative energy transfer described by the present invention. 

[0035] For purposes of this invention and unless otherwise stated, the temis "oligonucleotide" oligomer" or "polynu- 
cleotide" will refer generally to nucleic ackis in the form of single-stranded nucleic acid polymers, comprised of DNA, 
RNA, or modified sequences produced by totally synthetic procedures. Technically, the shorter sequences from 2 to 
50 nucleotides in length are referred to as oligonucleotides or oligomers, and the longer sequences (> 50 nucleotides) 
are referred to as polynucleotides. However, for this invention the temis are used somewhat interchangeably insofar 
as they both denote nucleic acid polymers. , 
[0036] Important advantages of synthetic DNA as thd support structure for providing the array to orient multiple 
donors and acceptor in a transfer structure are: (1) rapid synthesis with automated instruments, in lengths from 2 to 
1 50 nucleotide units (0.7 nm to 50 nm); (2) programmable recognition with high specificity, via their nucleotide sequence; 
' (3) easily modified with fluorophores, chronrophores. affinity labels, metal chelates, and enzymes; (4) modifiable at 
any position in their sequence, and at several places within the base unit; (5) nrradlfiable backbone structure to produce 
different properties (example; normally negatively charged DNA can be made in a neutral iom); (6) linkable both 
covalently and non-covalently to solid surfaces: glass, metals, silfcon, organic polymers, and bo-polymers; (7) revers- 
ible organizational properties; (8) ability to fomr> three dimensional and branched structures; and (9) well understood 
and easily modelled structural and organizational properties. 

1 Extended Energy Transfer 

[0037] The particular functional electronic/photonic property which concerns this invention, is an extended non-ra- 
diative (Forster) energy transfer process. The basic Forster energy transfer process involves the ability of a donor 
group to absorb photonic energy at one wavelength (hv,) and transfer it. via a non-radiative dipole coupling process, 
to an acceptor group which re-emits the photonic energy at a kxiger wavelength (hvg). Energy transfer efficiency is 
dependent upon the parameters which are given in the equatrons betow: ' 



.E = 



n 6 6 



(1) 



R„ = 9.8x10^(k^n'*Oj J) (in A) 



(2) 



where E = the transfer efficiency, r = the distance between the donor and acceptor, k is a dipole orientation factor, n is 
the refractive index of the medium, is the quantum yiekJ of the donor, and J is the overlap Integral whteh express 
the degree of overlap between the donor emission and the acceptor absorption. All other parameters being optimal, 
the 1/r« dependency requires a donor to acceptor distance of less than 2 nm (20 A) for high efficient energy transfer 
to occur. Table 1 shows the theoretical energy transfer efficiencies by conventional Forster energy transfer (ET) when 
the donor (D) to acceptor (A) distance range is from 0 to 4.5 nm. 



TABLE 1 



D/A Distance (nm) 


Theoretical ET Efficiency (%) 


0 


100 


0.5 


100 


' 1.0 


99 


1.5 


98 


2.0 


97 


2.5 


86 


3.0 


67 


3.5 


50 


4.0 


28 


4.5 


<10 
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[0038] Figure 1 shows how two fluorophore-labelled oligonucleotides (adorjor andan acceptor) are desionedtoblnd 
or nybndae to adjacent positions of a complementary target nucleic acid strand and then prcSul efficThS^^^^ 
energy transfer. Relat«,e efficiencies for the energy transfer process can be expressed in two srpSic C^^^^^^^^^^^ 
.s..n terms of the ratio of transferred energy to the energy absorbed by the donon this is deteSTy ^eL^nJZ 
relative amount of donor fluorescence quenching that occurs in the presence of the acceptT-me s^dTy 

meS. 7"!? '"'^'"'"^ ""''"^'^ fluorescence due to donorgroup. White bot^ 

.o tlTf. °' '''^ ^rans^er ot ener^ from the d«S 

length (hv,) forming a coupled resonant structure which can directionally transfer the energy to an awe^r o^un 
The resonant energy is then re-emitted as photonic energy at wavelength (hv^). Under cond^ions JrtieTetv is Z 
saturating, photonic energy can be collected by arrays of donor groups and directional^ t^sterrit an iLorr^^ 
acceptor, greatly enhancing its fluorescent emission at hv,. This can be considered a mSub antenria ^aZZ 
mechanism^Altematively. photonic energy (hv,) can be collected at one end of a structure by a Cor crL ani^be 
transferred by a linear array of donors, to an acceptor group at the other end of the structu^ iheJS i ?Zi«ed as 
hvg. This type of molecular photonic transfer mechanism can be considered the equivalent of a photonic wTorILn 
necto.These mechanisms can alsobe used to interconnect differentmolecu^^ 

tures to surfaces, and to make molecular connections between surfaces (monolayers) molecular struc 

■ V'^'X^*^^^ '^^ween donor chromophores are selected to provide a donor-donor transfer distance which 

TndTheaSl^^^^^^^^ 

and the acceptor chromophore are selected to provide a donor-acceptor transfer distance, which indicates thatT 

rsrrpr^fZrerept.^^^"^ 

2. Chromophores And Fluorophores 

Q^oi tolTJrll^ *° °' 'f^'^' Chromophore and fluorophore 

?Si IT ^PP'°P"^'® ^ ^'^'^^Pto^ pairs which are capable of energy transfer by dipole coupling 
. [0042 A chromophore refers to those groups which have favorable absorption characteristics i e are capable of 

^^:!1Th ^ chromophores lypically do not emft energy In the form of photonic energy (hvj. Thus they can be 
characercedashavmgatowquantum yield. Which is the iBtioof emitted photonic energytoLso*^^ 

typicany less than 0.01 . A fluorescing Chromophore is referred to as a fluorophore. and ty^^^^^^ 
atmediumtohighquantumyieldsof 0.01 tol. 'y emus pnoionic energy 

Ss 4°!)SSmZ?H T '° 'k' ''^ demonstration that non-fluorescent chromophores, 

Tnor orl^rwh^f ^^^^ ^" '""'^'"^ ««^<=t*ve energy transfe 

donor groups. When these chromophore donor groups are closely approximated (0.1 nm to 1 7 nm) to a suitabte 
acceptor group they produce a significant fluorescent re-emission by the acceptor. Chromophores (^.bte of eZv 

! ^ chromophore are referred to herein as donor chromophores or dono^ 

[0044] An acceptor chromophore for the purposes of the present invention is a fluorophore that is caoable of ac- 
cepting enejgy transfer from a donor chromophore and producing an emission spectrum. B^aus^lne^^an^^ 
d^ole coupling can typK^ally occur when there is an overlap in the emission spectrum of the donor and ^Txcrta io^ 

ZZ^y ^ ^^'^'"^'^ ^" ^ P^^^^ capacfty to transfer enen^a^ 

TepaT^wranZri "T'f^^ 

emfe J^c t Chromophore to fomr, an acceptor-donor pair, so long as the two chromophores have different 
trrjr "'"'''"•'^^"'''^'''"^'^^^^ 

D^!tv Th^nn flir'"- ''T '''"'"''"^ re-emission in the acceptor group is an extremely valuable 

tow orHn. Zi , *" ^ «^P^«'°" «he present invention provides the partteular advantage of a 

low or absent level of emissK>n by the donor, thereby not contributing to background or the detectabte emitted light in 
foSSSrrZS''" "^"f - for very low background and are particularly preferred. 

fl^^Lm tectorlfrih'^^^^^ °' non-fluorescent chromophores would have very little inherent 

fluorescent teckground. This property overcomes a major limitation that has severely limited practical uses of fluores- 
cent energy transfer in DNA diagnostic assay applications. It also opens opportunfty to cre^e more usef uiphJ^L 
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mechanisms and applications. u- u * * • 

r00471 With regard to unique properties in acceptors, most preferred are acceptors with the highest quantum yields, 
or with other properties that Increase the signal-to-noise ratb between specific acceptor emissions and the background 
(non-specific) emissions attributable to the donor. Examples of approaches to reduce the signal-to-noise ratio include 
using donors having lower emission, preferably non-fluorescing donors, selection of acceptor-donor pairs m which the 
spectral distance between the emission spectrum of the donor and acceptor is maximized, and preferably selected as 
to be non-overlapping, and the like approaches described further herein. 

r00481 Table 2 lists some of the potential chromophores and fluorophores which can be used as donors, acceptors, 
and quenchers for the novel extended energy transfer mechanisms and applicattons disclosed In this invention The 
list Is not meant to be exclusive in that It identifies some specific types or classes of donors, acceptors, and quenchers 
which can produce these unkijue and desirable properties. 



TABLE 2 



CHROMOPHOBE DERIVATIVES USEFUL AS DONORS. ACCEPTORS. ORQUENCHERS FOR THE EXTENDED 
ENERGY TRANSFER PROCESS AND RELATED PHOTONIC MECHANISMS 



DERIVATIVE^ 



4.4'- 

Diisothiocyanatodihydrostilbene- 

2,2'-disulfonic acid 

4-acetamido-4*- 

Isoth iocy an atost ilbene-2 , 2'- 

disulfonic acid 

4,4'-Diisothlocyanatostilbene -2,2'- 

disulfonic acid 

Succinimidyl pyrene butyrate 
Acridine isothiocyanate 
4-Dimethylaminophenylazophenyl 
-4'-isothiocyanate (DABITC) 
Lucifer Yellow vinyl sulfone 
Fluorescein isothiocyanate 
Reactive Red 4 (Cibacron Brilliant 
Red 3B-A) 

Rhodamine X isothiocyanate 
Texas Red (Sulforhodamine 101. 
sulfonyl chloride) 
Malachite Green Isothiocyanate 
IRI446 



(EX)2 



^86 



336 



342 

340 
393 
430 

438 
494. 
535 

678 
596 

629 
745 



(EM)2 



none^ 



438 



419 

375,395 
419 
none^ 

540 

520 
none^ 

604 
615 

none^ 
825 



(OY)4 



<0.01 



M 



M 

0.6 
M 
<0.01 

0.2 
0.5 
<0.01 

M-H 
H 

<0.01 
M 



iThefluorophoresandchrornophoreslistedaLeareshowninderivaU^^^ 
into the DNA po^mer. In many cases other types of derivatives (succinimidyl este,^ and haloacetyO are avadable for oouplmg to amines. Also, 
derivatives specific for coupling to sulfhydiyl and aldehyde functional groups are available. 
2 EX is the absorption maximum in nanometers (nro). 
^ EM is the emission maximum in nanometers (nm). 

4For quantum yickte (QY) the app«>ximale ninges are: -Low', 0.01-0.1 ; 'Me^jm-. 0.1-0.3: and -High-. 0.3-1 .0. 

6Theseareessen«aHynon-tluo««>nt(QY<0.01)<»ga„iccompounds.withme^^^ 

chromophores. 

6 IR144 (Kodak Laser Dye) is un-derivatized, and requires modfficalton before it can be coupled to a DNA poiynwr. 

r00491 Particularly preferred donor chromophores are selected from the group consisting of 4,4'-Diisothiocyanatodi- 

h^lilbl 2 Jiisulfonic acid. 4-acetamido^--isothkxyanato-stilbene-2.2--disu«onic ac^. 

stilbene.2.2-<J^ulfonicacid.Succinimidylpyrenebutyrate,Acridine isothiocyanate, 4-D,me^^^^^^^ 

4--isolhiocyanate (DABITC). LucHer Yellow vinyl sulfone. Fluorescein isothiocyanate Reac_^e 4 (C^^^ 

Red 3B-A). Rhodamine X isothiocyanate. Texas Red (Sulforhodamine 101. sulfonyl chloride). Malachite Green isotni 

ocvanate and IR1446. Exemplary donor chromophores are described in the Examples. 

S Parttoullriy preferred fluorescing acceptor chromophores are selected from the group 

Sr Yellow, acridine, riboflavin, fluorescein, rhodamine. Sulforhodamine 101. Texas Red and IR 144. Exemplar. 

fluorescing acceptor chromophores are described in the Examples. 
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3. Donor an d Acceptor Pair Confiqurationft 
S,f SrZii;^ Sir* 9°*' *».9 , aching p«,pen»s a,» used top™- 



TABLE 3 



DABITC — > Fluorescein 
* DABITC -> Texas Red* 
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TABLES (continued) 

MULTIPLE DONOR/ACCEPTOR, MULTIPLE DONOR 1/ACCEPTOR DONOR 2/ACCEPTOR, AND SPECIAL . 
QUENCHING ARRANGEMENTS (* PREFERRED *) 

* DABITC — > Texas Red — > IR 144 * 
Lucifer Yellow — > Texas Red 

Lucifer Yellow — > Fluorescein -~> Texas Red 

* Lucifer Yellow — > Texas Red —> IR 1 44 * 
Fluoresicein — > Texas Red 
Fluorescein ™> IR 144 

* Fluorescein — > Texas Red — > IR 144 * 
•TexasRed— >IR144* 

* Malachite Green : : : : > Texas Red * 

* Reactive Red 4 ::::> Texas Red * . 

[00S4] The --> indicates an energy transfer effect which leads to significant re^mission by the acceptor group. 
The •• > indicates an energy transfer effect that significantly quenches the fluorescence of the acceptor group. 
fOOSSl It is important to point out that the varbus arrangements and configurations of donor, acceptor, and quencher 
groups described above can be achieved by either incorporating them within a single DNA polymer; or by using a ON A 
template to assemble various combinations of multiple donor DNA polymers, acceptor DNA polymers, and quencher 
DNA polymers Both types of arrangements are shown schematically in Figure 2. 

r00561 With regard to the optimum positioning or spacing of the primary "donor to acceptor" pair, thereby fomiing 
the donor-acceptor transfer distance, the basic l/r^ distance dependency for Forster transfer requires a spacing of 0 
to 5 nm and preferably a spacing of about 0.1 nm to about 1 .7 nm between the groups for efficient (-80-100 /») energy 
transfer to occur. In terms of nucleotide spacing in single and double-stranded DNA polymers, this optimum transfer 
distance is roughs equivalent to 0 to 5 nucleotide units. At the shorter separation distances efficiency can theoretically 
approach 100%. At a distance > 4.0 nm or 12 nucleotide units, energy transfer efficiency is less than 20/o. For the 
primary donor to acceptor coupling, a close spacing (0, 1 or 2 base pairs) can be carried out. but requires special linker 
arm chemistries which orient groups for optimal energy transfer and eliminate any secondary quenching mechanisms 

?(!o5^'^*wSh regard to the optimum positioning or spacing of the "donor todonor" pairs in multiple donor arrangements, 
thereby forming the donor-donor transfer distance, the incorporation of multiple donors at too close a spacing can 
interfere with the ability of the DNA to hybridize with high specificity. Also, close spacing of donor-donor pairs can 
sometime introduce secondary quenching mechanisms or excitation traps which can greatly reduce energy transfer 
efficiency Presently, the best available chemistries for modifying a polynucleotide sequence at intemal and terminal 
positbns altows donor-donor spacings of about 4 to about 1 8 nucleotide units (1 .4 nm to 6.1 nm) to be ^hieved over 
r^sonably long distance. This would mean about 1 0 donors could be incorporated in a single oligonucleotide sequence 
of 50 nucleotides. Spacing at the longer inten«ls from 8 to 18 nucleotide units can be used, when hybridization of a 
complementary multiple donor polynucleotide produces a double^tranded structure with alternating donors now 
spaced at 4 to 9 nucleotide units. These alternating donor types of structures maintain reasonable transfer efficiency, 
reduce secondary donor-donor quenching, and interfere less with hybridization and stability of the organized structures^ 
[00581 In those case where quenching is a desired property, there can be 0 to 5 nucleotide unit (0. 1 nm to 1 .7 nm) 
spacing between the quencher group(s) and the acceptor group. It should be kept in mind ♦►^atquencher^cceptor 
donor-acceptor, as well as donor-donor pairs can also be fomied between groups which are located on alternate sides 
of double-stranded DNA structures, 

A .gynthesls and Labelling of Oligonucleotides and Polvnucleotides 

[0059] Synthesis of oligonucleotide and polynucleotide sequences can be carried out using any of the variety of 
methods including de novo chemical synthesis of polynucleotides such as by presently availab e automated DNA 
synthesizers and standard phosphoramidite chemistry, or by derK/atton of nucleic acid <«9ments from ^^^^^ 
acid sequences existing as genes, or parts of genes, in a genome, plasmid, or other vector. ^^^^^^^^^ 
endonuclease digest of larger double-stranded nucleic ackJs and strand separation or by enzymatic synthesis using a 

nucleic acid template. 4 ui<. enrh fl<s for 

[0060] De novo chemical synthesis of a polynucleotide can be conducted using any suitable f^!;^^-;^ 
example, the phosphotriester or phosphodiester methods. See Narang et a';; ^ISltl-ip^piaL. 
Patent No 4,356.270; ii«icur« «t al . Ann. Rev. Biochem. . 53:323-56 (1989); and Brown et al.. Meth. Enzymol, . 68.109. 
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(1979). 



bv m^«!r!ii°" °I acids involves the ctoning of a nucleic acid into an appropriate 

[0062] In preferred emlxxJiments. automated syntheses using an Applied Biosystems Model #381 DNA svnihoii,., 

PD063] Modrf'edoligonucleotideswithinternalorterminalfunctionalgroupsforsubsequentlaben^ 

L iTut '^^""^^^ groups afe dS^^^^^^^ 

W1.S partKular sectKin on synthetic procedures 'incorporation of functional groups' mea,4 cheSh^ rei«!« 

S=2«— ^^^^ 

K » 'aTd"?','Z'.rlt"' incofpo^lM »1 ^lecM pinions wlmin «,e sec^e and 

and blocking groups removed by treatment with concentrated ammonium hydroxide for 12 hou fat sJ-rT^e dim^h^ 
oxytntyl group can be left.on the oligonucleotide toaid in the purification. The 54^^70 igcJiuce^^^^^ ^^e pSd 

ia^^^^lT^^ po lyaco^lamide gel electrophoresis. At this point the un-modified oligonucleo«des a re^adv 
iuoXre ^« ^-'S-^-t^- With reactK,e l^ker arm(s) can be reacted with th'e appropr^te actS 

[^9J Those fluorophore and chromophore derivatives containing isothiocyanate. sulfonyl chloride succinimidvl 
ester or traz.ne, can be easily coupled to oligonucleoUdes containing primary'amine functSnaC^s SZ^Z 
cTrSZn '"'"^k"''''^'""' "'^^^ "^"^'^^ ribonucleotide) can be reacted «o'^^^^^^ 

TniTS - f unctionafeed oligonucleotides fsee: Bioconjugate Chemistry. Vol 

Si^£pf^V^ '^^^n " -^"^'^fy'^P^"'^^^ . CRC Press. Inc. (1989); and Keller et al.. BNA Proves . 
T^^TSl !f ■ ""Orescent labelling of oligonucleotides (internal and tenninal) can 6e carried ou ^ 

us ng fluorescent (fluorescein and acridine) phpsphoramidites (Clontech). V^ih this procedure a «,SeteSwe 



5. Mechanisms. Devin es. and Systems 



[TO70] It is important to emphasize that the programmability of the functional molecular components via their nucle- 
otKJe sequence, allows them to self-assemble and organize into larger and more complex SneTstrucrurr ^^ 

e^TmS^t^^ 7' ^1 T"""^ *° °^9ani^^ '^^ The combinatbn of prop- 

ert^s ultimately leads to the creation of photonic devices, photovoltaic devices, biosensors, and homogeneous and 
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heterogeneous DNA diagnostic assays. 

[OOri] Since a large number of DNA polymers each containing a number of donor.groups can be organized togethec 
it is possible to build relatively large antenna or amplifier networks, or to make long photonic transfers and connections. 
With regard to extended energy transfer for amplification or antenna functions; the number of donors to an acceptor 
in a given molecular structure or system depends on several factors. These include: (1 ) the light flux (intensity) impinging 
on the final system; (2) the overall energy transfer efficiency for the donor arrays, (3) the quantum yield (QY) of the 
donors and the acceptors, and (4) the life time (tau) of the donor and acceptor excited states. For antenna or photonic 
amplification applications, at low to intermediate light levels, the number of donors to acceptor could range from the 
lower limit of 2 to 1, and preferably 10 to 1, to the upper limit of 1 0f to 1. For heterogeneous DNA diagnostic and 
Biosensor applications, the number of donors to an acceptor could range from the kjwer limit of 2 to 1 , and preferably 
5 to 1 to the upper limit of lO^ to 1 . For homogenous DNA diagnostic applications using the typical mercury or xenon 
light sources found in the standard spectrofluorometers or other instruments for ffuore^ent analysis, the number of 
donors to an acceptor could range from the lower limit of 2 to 1 to the upper limit of 10* to 1 . Also, for some photonic 
mechanisms and certain device applications, a multiple donor DNA polymer{s) may transfer to an acceptor DNA pol- 
ymer which has more than one acceptor group. The same basic ratios of donors to acceptor that were given above 
apply to the those molecular structures or systems which have an acceptor DNA polymer with more than one acceptor 
group. 

[0C»721 A device of this invention can be described in terms of a duplex nucleic acid structure, that is two or more 
polynucleotides hybridized by conventional complementarity to form the typical double stranded duplex, except that a 
•strand" of the duplex can be comprised of two or more adjacent polynucleotides as shown in Figure 3. 
[00731 A duplex nucleic acid structure of this invention is therefore comprised of at least two hybridized polynucle- 
otides The structure has (1 ) at least two donor chromophores operatively linked to the stmcture by linker arms attached 
to a polynucleotide of the structure such that the donor chromophores are positioned by the linkage along the length 
of the structure at a donor-donor transfer distance. The structure also has (2) at least one fluorescing chromophore 
operatively linked to the structure by a linker arm attached to a polynucleotkJe of the structure such that the fluorescing 
chromophore is positioned by the linkage at a donor-acceptor transfer distance from at least one of the donor chromo- 
phores. ^ , 
[0074] As suggested by the configuration shown in Figure 3. one embodiment can involves the use of one or more 
alternating chromophores. That is. the structure contains donor chromophores that are alternately positioned on the 
structure such that said donor-donor transfer distance can cross (alternates) between polynucleotides of the duplex. 
The alternating configuratiort can be such that some donor-donor transfers are between adjacent donors on the same 
polynucleotide and some are between donors on opposite duplex strands (i.e. . alternating), or such that all the transfers 
are alternating. The alternating transfer distance can be expressed in terms of a donor-donor transfer distance as 
described herein, or can be expressed in temis of nucleotide base spacing. Thus, for example, a structure with alter- 
nating donor chromophores is contemplated that comprises at least three donor chromophores wherein the donor 
chromophores are posittoned from 4 to 18 nucleotide base units apart on a single polynucleotide. 
[007S] Another embodiment is the use of the capability of extended photonic energy transfer across multiple donors 
as a photonic energy transfer system or circuit. The photonic energy transfer system can have one or more of the 
polynucleotide components described herein. Thus a photonK energy transfer system compnses a polynucleotide 
having at least twodonor chromophores as described before. The polynucleotide may also contain an acceptor chromo- 
phore The system may comprise one or more additional polynucleotides in the various configurations described herein. 
[00761 Insofar as the present invention describes structures and systems for extended photonte energy transfer, it 
is to be understood that one enbodiment contemplates the use of the described structures, polynucleotides, multi^ 
polynucleotide duplexes, photonk; energy transfer systems and the like, in a solid state. That is, a polynucleotide(s) of 
the system can be operatively linked (attached) to a solid support to facilitate the use of the extended energy transfer 
device. Solid support systems are particularly suited for electronic devices, such as photonc energy collectors, light 
amplifiers, energy transfer conduits, and the like. u * . ^ 
[00771 Attachment of a polynucleotide to a solid support can by any of a variety of means and is not to be construed 
as limiting. Exemplary attachment mearis are described elsewhere herein, and are generally well known to one skilled 

in the polynucleotide arts. i * i . 

[00781 In one embodiment, a solkJ support can represent a passive support, that is the support acts passively to only 
hold the energy transfer polynucleotide in the solid phase. In another embodiment, a solid support can be active, that 
is the support provides a complementary function such as to donate energy to the transfer system, or to have the 
capacity to detect, receive, convert, translate or transmit the emitted photonic energy from the acceptor to a second 
circuit An exemplary second circuit is a photosensor, photovoltaic, and the like device in the solid phase medium. 
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B. Diaonostic Systftrng a nd Methods 
1. Diagnostic Systems 



^^I^lrJ'^^^^^^^^^^"' " ^ °' P'^'^"* '"'^'"des. in an amount sufficient forat least one assav 

periods for reagent/sample admixtures, temperature, buffer conditions and the like maintenance time 

Side contemplates a diagnostic system for photonic detection of a preselected 

r ^" '"^'^'""^ '^^^^ «s««y. a PoVnucleotide having axTe^^o 

donor chromophores operatively linked to the polynucleotide by linker arms wherein the don<v r+^r^^l 

IS designed to hybndae to the preselected nucleotide sequence (i.e.. the target nucleic acid sequence?2fd thiS!^! 
contains a nucleotide sequence complementary to the target nucleic acid sequence TglZ^^'^l^llZl 

POMJ I" embodiment, ft. polynuclMlide of a diagnostic system tuithetconarnsa^ « . ■ 

»«»d by Itnkaga at a do„o,«cepto, transler distanc, l»m at least ona „t tlt, dono. chmmo^t^trX amS . 

Kcie^tror-sri:^':^^^^^ 

. °''^"f«Pto^Po'yn"cleotide.andpreferablyiscompletelycomplemenlary 

p^et:ttrh;t^-^r^^^^ 

Sh J!!^ fsagent species. i.e.. chromophore-containing polynucleotide of the invention, of any diagnostic svstem 
for A^r'" " ' "'^"'^ - substantially dry power eg'i^Sed 

- - - - also be i^UTs sepaVXg" 

ISs Thefer^w2r.T " '° '''"^^^"^ ^^^^^'"^ '^"^♦•^^"'y ^"'^ed in diagnostic 

vi'^drc^trarc^^^^^^^ 

2. Diaonostic Methods 

S?^ contemplates any diagnostic method that results in detectino emitted ohotonic 

of eXr' H r '=^^°^°P'^°^«-°"«-n'ng structure of the present invention. Insofar asTersr^^^^^^^^^^^ 

(1) excitation of an organized structure of this inventk)n that contains at least two donor chromophores ooerativelv 

opeSv lLe?S Ti^T '"^ acceptor chromo^ore 

suSnTto fn^^^ . °' chromophores. The excitation is an aLunt of photonic 

bZZ^^I ^ ^hT «"«^9y between the donor chromophores as a -collecting" event, 

that rac^eotoXH T7 T"'"' chromophore and the acceptor chromophore such 

that the acceptoritself is excited sufficient to result in emission of photonic energy. 

(2) detection of the resulting emitted photonfc energy by the use of any of a variety of photonic sensors 



Id 
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100881 The organized structure containing the chromophores as described above can be any of the various config- 
urations described herein. The particular excitation means and sensing means can vary widely depending on the needs 
of the system at hand, and depend upon sensitivity required, the excitation and emission characteristics of the incor- 
porated donor and acceptor chromophores. and the application of the structure. ,^u„.„„i,H« 
[00891 In a particularly preferred diagnostic method, the present invention contemplates a rnethod of photonic de- 
tectioii of preselected nucleic acid sequences using chromophore^jontaining polynucleotides of the present invent«n 
as hybridization probes for detecting a target sequence In a sample containing nucleic acids. 
[0090] Thus a diagnostic method for detecting the presence of a preselected nucleic acid sequerice in a nucleic acid- 
containing sample is contemplated comprising the steps of: 

(a) admixing: 

(0 a polynucleotide having (1 ) at least two donor chromophores operatively linked to a polynucleotide by linker 
amis such that the chromophores are positioned by linkage along the length of the polynucleotide at a donor- 
donor transfer distance, and (2) at least one fluorescing acceptor chromophore operatively linked to the poly- 
nucleotide, by a linker arm. such that the fluorescing acceptor chromophore is positioned by linkage at a donor- 
acceptor transfer distance from at least one of the donor chromophores. wherein the polynucleotide has a 
nucleotide sequence that is preselected 'as to be complementary to the preselected -target' nucleic acid se- 
QU6nc6' with 

(ii) a nucleic acid<ontaining sample containing the preselected nucleic ackJ base ("target") sequence to form 
a hybridization reactton admixture; 

(W subjecting the hybridization reactton admixture to hybridization condittons for a time period sufficient for the 
polynucleotide to hybridize to the target sequence and fomi a donor chromophore containing- and acceptor 
chromophore containing-hybridized nucleic acid duplex; . ^ ^ u 

(c) exciting the donor chromophore in the nucleic acid duplex formed in step (b) by exposing the donor chromophore 
to sufficient photonic energy to induce emission of photonic energy from the acceptor chromophore; and 

(d) detecting the presence of photonic energy emitted from the excited acceptor chromophore. thereby detecting 
the presence of the preselected nucleic acid sequence in the sample. 

r00911 In a related embodiment, the admixing of step (a) differs in that instead of a single polynucleotide containing 
both the multiple acceptors any at least one acceptor chromophores, the donors are present on one or more polynu- 
cleotides separate from the polynucleotide containing the acceptor chromophore. 

[0092] In this embodiment, illustrated in Figure 2(b) and in Figure 3. the positioning of the donors and the acceptor 
arecontrolled both bytheirlinkage position on theirrespectivepolynucleotides.and on the proximation of those chr 

phores upon hybridization to a preselected nucleic acid target sequence. ^K«,»in 
[0093] lnanotherembodiment.thehybridizationadmixturecancontainaquencherpolypeptideasdescribedl^^^^^^ 
having a nucleic acid sequence designed to compete with the target sequence for hybridizat^n with the polynucleotide 
containing the target nuciek: acid sequence. The embodiment is shown in Example 3 and Figure 4 _ , 
[0094] Ahybridizationreacttonmixtureispreparedbyadmixingeffectiveamountsofapolynucleotideprobeorprobes 

of this inv6ntbn, a target nuclek. ackJ and other components compatible with a hybridizatton ^^^^J^";^;"^ ^ 
[0095] Target nucleic acid sequences to be hybridized in the present methods can be present in any nucteic acid- 
containing sample so long as the sample is in a form, with respect to purrty and concentration, compatible wrth nuctec 
S hybrWization reaction. Isolation of nucleic ackJs to a degree suitable for hybridization is generaHy known and can 
be accomplished by a variety of means. For instance, nuclec acids can be isolated trorn a variety ° ""^^^''i 
containmg samples including body tissue, such as skin, muscle, hair, and the like, and body f u ds such as btood 
ptesma. urine, amniotfc fluids cerebral spinal fluids, and the like. See. for example. Maniatts et al.. ^ ecular ao^^^^ 
ALaboratorv Manual . Cold Spring Harbor Uboratory (1982): and Au8Ubeletal..0Mrrpnt Protocols in Mdecul^^ 

?^"6r' Thr'yb^diJiS^ mixture is maintained in the contemplated method under hybrkJizing conditions for 

[ time period sufficient for the polynucleotide probe to hybridize to complementa^ ""'''It^'l'^rS^^^^ 
the sarriple to formahybridization product, i.e..acomplexcontainingthechromophore<ontainingpdynucleotid^ 

(s) of this inventkjn and target nucleic acid. „,^,intonance time 

0097] The phrase "hybridizing conditions" and its grammatical equivalents, when used with a "tenance tirne 

pericS. indicates subjecLg the hybrid'^ation reaction admbcture. in the context of «^^,«.^.°"^t"'twL od^^^^^^^^ 
accompanying reagents in the admixture, to tkne. temperature and pH condfttons sufficient to allow the P° y""<f ^^^'^^ 
probe to anneal wrth the target sequence, typically to form a nucleic acid duplex, t'-f^ t«m^^^^^^^ 
conditions required to accomplish hybridization depend, as is well known in the art. on the length of the polynucleotide 
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use 01 a ™irtx that te insoluMe i "^k * """"S™-"* paction Involves (he 

and more preferably about 1 micron to abom 5S^J,Lro^ SuSZT" f ' ""^"^ ^5 microns 

cryostat. ^"*^°'"'^™"^-®"'=^^'"P'«<»" be prepared using a commercially ava 

[0101] Alternatively, a heterogeneous format widely used is the Southem blot nrr^^,.r ■ ^- ^ 

SLZfy^iTi m~ ^^^^^"'^9 a multitude of 

blotted to form a liLry of cton^S^nuctel a^^^^^^^ <="«"^^ and 

Krts^aC 

SedrR^Nrr:^^^^^^ 

polynucleotide hybridization is a first sTp pSTd^^^^^^^^ usingipn^er extension reactions in which 

Of the dsDNA can be cal7^"pZTJZZ^^^^^^ , ,"1"!^ hybridization reaction. The denaturation 

the admbcture of the dsDNA Jh Ze ZTl^Z 1 pojrnuc eotKJe to be hybridized, or can be carried out after 

molecule. ittoocanbedeLT^Jtor toadm^^^^^ ^ clouble-stranded 
therewith the target-conrnrngloNA ^^"'^ 

Sap^LZlic^hSTLX'^^^^^^^^ 

geneous hybridization admilTef rSr^mLllT^^^ '"^""'f "^'"''^ °' "^'^^^ "^^^ ^0^°- 

about 1 to ?000 nanograrstrpe?mSl53^^^ concentrations of 

about 20 nucleotidesTnTenih ' ' ^"^ "'"'"^^"^ "^"^ ^° "9^' ^''^^ polynucleotide of 

ICH^toSacceptorc^nXtltr^^^^^^ 

about loeto 10^ Zecul^^ZZCj^^^^. Zl T T *'f ''y''"^*^^*^" ^^"^^'^ " amounts of at least 
dot blot Of targe, nucleic a id ^^ XtrjS^^ 

or a DNA sequencing gel using for eSlTS^ detect nucleic acd segments present on a Southem blot 
g gei using, tor example, an ABI sequence reader that detects fluorometrically labelled probes. 



C. Photonic Devinfig 



o?rcaSx'mXirr^^^^^ 

designed as a iSear Su,^^^^^^^^^ 1° ^e e^en6e6 over long distances. Thus the structure can be 

biosensor. ^ °' ^ configured as an light-sensitive photonic switch, i.e.. a 

rOIIO] ^•^s'noneembodlment.thepresentinventioncon.emplatesabbsensorcomprisingapo^nucl^^^^^ 
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present invention having at least two. donor chromophores operatively linked to said polynucleotide by linker arms, 
wherein said chromophores are posrtioned by said linkage along the length of said polynucleotide at a donor^or 
transfer distance the polynucleotide also has at least one fluorescing acceptor chromophore operatively linked lo said 
polynucleotide by a linker arm. wherein said fluorescing acceptor chromophore is positioned by sakJ linkage at a donor- 
acceptor transfer distance from at least one of said donor chromophores. 

[01111 Thus the biosensor contains a photon collector that can be a variety of lengths, delivenng the collected and 
transferred photonic energy to the acceptor chromophore. Preferably, a biosensor contains multiple acceptor chromo- 
Dhores clustered to provide a brighter photonic output. ^ .... 

r0112l Positioned adjacent to the acceptor or cluster of acceptors is a photon sensing means to detect the presence 
of emitted photonic energy. The sensing means can be any of a variety of light detecting devices, such as a photom- 
ultiplier tube, a fiber optic system that delivers the emitted light to a light sensitive photomultiplier. and the like sensing 
means. ' • 

EXAMPLES 

[0113] The following examples are intended to illustrate, but not limit, the present inventfon. 
1 Design and Synthesis of a SelfOraanizino Extended Energy Transfer System 

roi141 Five different specific sequence fluorescent oligonucleotides and non-functionallzed versions of the same 
sequences were designed and synthesized for the experimental demonstration of an extended energy transfer system. 
These include the folk>wing: 

(1) An acceptor 16-mer oligonucleotide unit. 5.4 nm in length, labelled with Sulforhodamine 101 (AU). 

(2) A first intermediate donor 30-m'er oligonucleotkJe unit. 10.2 nm in length, labelled wrth two fluoresceins sepa- 
rated bv a spacing of 6 nucleotides or 2.4 nm (ID1 ). „ • 

(3) A second intermediate donor 29-mer oligonucleotWe unit. 9.9 nm in length, labelled with two fluoresceins sep- 
arated by a spacing of 6 nucleotides or 2.4 nm (ID2). ' . „ • 

(4) A repeater lntem»diate donor SO-mer oligonucleotide unit, 10.2 nm in length, labelled with two fluoresceins 
separated by a spacing of 7 nucleotides or 2.7 nm. (RD). The repeater unit is designed so that the structure can 

be extended. ' rms 

(5) A terminal donor 15-mer oligonucleotkJe unit. 5.1 nm in length, labelled with a single fluorescein (TD). 

roilSl The un-modified verstons of all the above oligonucleotides were also synthesized. All of the oligonucleotides 
Predesigned by their encoded sequencetobindtocomplementary portions of each other, toformlineardoublestra^^^^ 

structures. The specific sequence and position of the fluorescent label(s) [A = SuHorhodarnine ^OJ (TexasRed^ D = 
Fluotescein] in the five modified oligonuclectide sequences are shown below and labelled as SEQ ID NOs 4-8. re- 
spectively: 

A 

(1) AU 5'-ATGTCTGACTGCAGCT-3 ' 



D D 
I I 

( 2 ) IDl 5 • -ACGACCATAGTGCGAGCTGCAGTCAGACAT-3 ' 



D D 

( 3 ) ID2 5 ' -CGCACTATGGTCGTGAGTGTTGAGAGGCT-3 ' 
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(4) RD 5'- 



ACGACCATAGTGCGAGCCTCTGAACACTC-3 



10 



16 



20 



25 



30 



35 



40 



45 



50 



D 

( 5 ) TD 5 • -AGCCTCTGAACACTC-3 



55 



ledpo^e9tesssuppor,..nthecaseofthe^unctbnal^^o1Z^^^^^ 
oxytrityl-5-lrifluoroaminoalkyl deoxyuridine) was incomomtPHatTr .'^L 

armnucleosideprcvidesaprimaXtegr^^ 

fonyl chloride (Texas Red) and fluoresceinlothidcyanateTFITC) ""o^ophores. Sulforhodamine 101 sul- 

[01 17] At the end of each synthesis the finished oligonucleotide was f r~r, th 

removed by treatment wrth concentrated arnn^Jr^y^^XnlT^^.l^^^^ ^"""^ 
left on the oligonucleotide to aid in the Durification The trit»i «L!1 i . ! climethoxytrityl group was 

pressure liquid chromatography (HPLC) Te^ZJ^al'^^Z^^^!^^ """'''^ '^"^'^^ ^""^^ ^"'^ 
acrylamide gel electrophoresis ^ oligonucleotide product was detemiined by analytical poly- 

'^nl<n7LTe'^£^^^ ready for experimental use. The oligonucleotides 

was carried out by r^Sq sS^^^ 

forhodamine 101 su^TchlSde (T^^^^^^^ ^^^^'^^ ' °' ^"her Sul' 

• in 100ulof0.1 Msodiumbl:L2I^TpHa5 SrJh^^^^^^^ 
ophore reagent was removed by passing the solutiSugh a Se^^ex G 25^^^^^^^ 

rd;;T::x™'"°~^^^ 

The intem^ediate Donor ?(!ST was SrZ^n k k T,^ ^ °' ^'"^'^ components, 

component, the remaSer was i ^^x oHheS Lh^ h ^ '"""^ ^''^ ^'"'"^ '^belled 

t r£ d^tancrbe^eenre S^^^^^^ ' '° '"'^ ^ ' '"^^ ' ^'-'^'"S (accep.or<tonfr 

intem^ediate Hr rrniil ) and to^ve '^'^^ ^ '"^^ 9^°"P '^e 

the fluorescein donors n t e ist jf a' ay "'^'""^^ ^^^^ 



1A 
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10 



r0123] Fluorescein has Its absorption (excitation) maximum at 495 nm wavelength (EK^gg). its emission maximum 
at S20 nm wavelength (EMgao). and an extinction coefficient of "72,000. Sulforhodamine 101 (Texas Red) has its ab: 
sorption (excitation) maximum at 595 nm wavelength (EXggs). its emission maximum at 615 nm wavelength (EMgis). 
and an extinction coefficient of -85,000. Fluorescein's broad emission band spans from 500 nm out to 600 nm. and 
has good overlap with sulforhodamine's broad absorption band which spans from 520 nm to 600 nm. This overlap of 
the emisston and adsorption bands and high quantum yield of each of the fluorophores make them a good pair for 

energy transfer ^ , ^ . 

[01 24] The demonstration of extended energy transfer in the assembled photonic antenna structure was earned out 
by exciting the fluorescein donor units with radiation at 495 nm, and measuring the re-emission of radiation at 61 5 nm 
by the sulforhodamine 101 acceptor unit. The base Texas Red fluorescent emission at 615 nm as determined by 
exciting at 595 nm (an Amirico-Bowmen Spectrophotofluorometer was used to carry out these experiment). The relative 
energy transfer efficiency (ET eff .) is the ratio of the 61 5 nm emission when the system is, excited at 495 nm to the 61 5 
nm emission when excited at 495 nm multiplied by 100. and can be represented by the formula: 



IS 



ETeff. = EM6is(EX49s)/EM6,g(EXg95) X 100 



(3) 



20 



2S 



[01 251 Demonstration of reversibility of self -organization of the 16 nanometer photonic antenna structure was earned 
out by first assembling the organized structure at 20»C. then heating it to 90»C for one minute, and then cooling the 
system back to 20»C (one minute). ExcHatfon and emission measurements were conducted as before for each condition 
after the processes of assembly (initial), heating (heated) and cooling (cooled). The results for the experimental dem- 
onstrations of extended energy transfer in the varfous arrangements, and for the reversible self-assembly are given in 
Table 4. 

TABLE 4 



RFSULTS OF EXTENDED eNERGY TRANSFER EXPERIMENTS 




STRUCTURE^ 


TEMP(*C) 


EX(nm) . 


ET.Eff.(%) 


AU/ID1/ID2/TD 


20 


495 ' 


76 
46 
8 
4 


AU/ID1/ID2(NL)/TD(NL) 

AU/ID1(NL)/ID2/TD 

AU/ID1(NL)/ID2(NL)/TD 


20 
20 
20 


495 
495 
495 


(NL) 




595 


100 


AU/1D1(NL)/ID2(NL)/TD' 


20 


(NL) 

AUi(ID1/ID2n"D2 (Initial) 


20 


495 


73 
6 
77 


AU/1D1/ID2/TD2 (heated) 


90 


495 


AU/lD1/ID2rrD2 (cooled) 


20 


495 



• 30 



3S 



40 



4S 



SO 



55 



1 AU = acceptor unH wllh Sultsrhodamhe 101; ID1 = me nwimeaiaiB owwr i wm ..uv/i - ; 

rescelns; TD = Ihe terminal donor.wHh one fluorescein: NL means the oigomer was not labelled (no fluorescein donor groups). 
2Experimenls demonstrating reversible selfassembly. initially at ZCC, heat to WC. and cooled back to 2(^0. 

[0126] Extended energy transfer is shown in Table 4 to be occurring in the organized (AU/ID1/ID2rrD) antenna 
structure producing about a 76% energy transfer efficiency to the acceptor unit (AU) when all the donor units present. 
When just the ID1 unit is fluorescent, in the AU/ID1/ID2(NL)/TD(NL) system, energy transfer is 46%. This indicates 
that 30% of the transferred energy was coming from the ID2 unit; which has its first donor group located 20 base pairs 
or 6 8 nm from the acceptor group. This is well beyond ttie Forster distance necessary to account for any significant 
level of energy transfer VVhenonVthelD2 and TD units are fluorescent, in the (AU/ID1(NL)/ID2/TD)system the 

transfer drops to about 8%. This is an iiiportant result, because A corroborates the other results showing that the ID2 
and TD unite were ttansferring through the ID1 unit to the AU unit. The AU^DI (NL)/ID2(NL)/TD(NL) system resufl a^ 
495 nm excitation simply shows the level of Texas Red background fluorescence for AU; and the result at 595nm 
excitation gives the normal or base level of Texas Red fluorescence for AU. 

[0127] The assembV, heating and cooling experiment clearly demonstrates the reversible organization P^perties oi 
the system, by showing complete loss of energy transfer at 90X when the system is completely disassembled, and 
the return of energy transfer capability when the system is cooled. 
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2. Demonstration of Non-Fluorescent Donor .o Fluor escent Accepto r Fne rgy Tran...r wi.h .^i. n...... o. c.,.,:- 

group using the Aminolink 2 chemistry. Oligonucleotide (A) was then labeL SroreSeTDAB^rT^Mo^^^^^^ 
P^bes . Reactive Red (Sigma Chemical), or Malachite Green (Molecular Pro^s) DABITC R^^f^ed^^^^^ 
.'^.S!^?'"" "°"-""°^«scent chromophore groups. Oligonucleotide (B) was labeled withTeS^ R^ li^^^^^^ 
.gonucleot.de sequences are shown below and labelled as SEQ ID NOs 9-10, respectiver 



D 

(A) 5 • -CCTGCTCATGAGTCTCTC-3 



A 

( B) 5 • -GAGAGACTCATGAGCAGG-3 



miS. ° Wh T K t!."'^'^'''''' ' '^^'^•^^"^ ® A = Texas Red. 



D 

5 • -CCTGCTCATGAGTCTCTC-3 

3 • -GGACGAGTACTCAGAGAG-5 

■ I 
A 



M °'J°""'^'^°«^es corresponding to oligonucleotide (A) but having one of fluorescein DABITC Reactive r«h 
4. or Malachrte Green were independently tested to detemiine their respLtK^e ene"^ t3er Ja^Il^^^^^^^ 
an^ IST?!^' on Oligonucleotide (B). The structures were formed by combini;.gCab3g2^^^^^^ 

Phlphaf 0H7 8?atS? V ' °' ^^"^"^ chloridS M ^^^^^^ 

to S^ntemf L«f ^P""^' oligonucleotide units to quickly hybridize (one minutS 

[01 31] The following results were obtained: 

ai rr-2Si1ti;?nm'l^^^^ '° ''''' "''-^"^"^^ ^5% energy transfer 

Thil if !1 arrangement was excited at 495 nm (the fluorescein excitation rraximum^ 

fromthedonorgroup.TT«t.s.45%ofthefluorescentemis8ion(-5(X)nmto-600nm)f«xnfl^^^^^^^^ 

tlste?a?re^m!^i<^''^^^^^^ when hyb^ized to Texas Red-labeHed oligo (B) produced about 5% to 10% energy 
H^wir tl^le^To de!I!.«l^^^ ' arrangement was excited at 430 nm (the DABITC excrtatbn maximumT 
th!^l„ »here was no detectable fluorescent emission fomi just beyond the excitation of DABITC at -440 nm to 

a^~;:7erSSS^rim^^^^^^^ 

(Hi) Reactive Red4-labelled oligo(A) when hybridized toTexas Red-labelled oIigo(B)producedno^ 
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transfer as re-emission at 610 nm when the arrangement was excited at 635 nm (the Reactive Red 4 excitation 
maximum). Reactive Red 4 produced over 80% quenching of Texas Red fluorescent emission (615 nm) when the 
■ arrangement was excited at 595 nm (the Texas Red excitation maximum). 

(iv) IVIalachlte G reen-labelled oligo (A) when hybridized to Texas Red-labelled oligo (B) produced over 60% quench- 
ing of Texas Red fluorescent emission (61 5 nm) when the arrangement was excited at 595 nm (the Texas Red 
excitation maximum). Malachite Green's excitation maximum is at 629 nm. 

r01 321 The results described above in (i) and (ii) clearly demonstrate that DABITC. a non-fluorescent chromophore 
qroup at a 5 base pair spacing (2.0 nm) can produce significant fluorescent re-emission in a Texas Red acceptor. Also 
DABITC produces no detectable background fluorescence in the same range where fluorescein produces significant 
background (45%). With regard to multiple donor systems, this is much nnore important than the fact that the re-emission 
oroduced by transfer from DABITC (5% to 10%) is lower than from fluorescein (55%). In a multiple donor system, the 
addrtive effect of background fluorescence from the fluorescent donors can very quickly limit its perlomiance and 
usefulness Thus. DABITC and similar chromophores are more ideal for use in multiple donor systems, 
roi 331 The result described above in (lii) and (iv) demonstrate that other non-fluorescent chromophore groups (Re- 
active Red and Malachite Green) at a spacing of 5 base pairs (2.0 nm) can significantly quench the fluorescent em^^^^^^^ 

of a Texas red acceptor. These strong quenchef groups can be useful in devising mechanisms which would allow 
amplified photonic emissions to be switched on and off. Thus, they help to create a more novel and useful photonic 
mechanism or device. An example of a useful system in which a quencher group is utilized to reduce background is 
described in Example 4 and shown in Figure 4. 

3. A Homogeneous DNA Hybridization Assay M ethod Based On Extended Energy Transfer 

roi 341 The following describes a homogeneous DNA hybridization assay method which utilizes a low fluorescent 
background extended energy transfer process. The system involves a multiple donor, an acceptor and a quencher 

SSr'A multiple donor oligonucleotide (MpO) of 20 to 100 nucleotides in length is labelled with DABITC (non- 
!luoreLent)donorgroupsatspacingsoffrom3to6base pairs. Themultipledonorsystemcouldalsobean^^^^^^^^^^ 

cf a number of multiple donor probes, similar to the arrangement discussed in Example 1 . A porton of at least 10 to 
50 nucleotides of multiple donor oligomer is complementary to a specific portion of a target DNA sequence. 
[01361 An acceptor oligonucleotide (AO) of 15 to 50 nucleotides in length, is labelled with Texas Red at or near its 
5'-terrninal position, and is complementary to that portion of the DNA target sequence continuous with the target se- 
quence specific for the multiple donor oligomer. . „ ^ ..uo HcV 
?0137] A quencher Oligonucleotide (QO) of 10 to 45 nucleotides in length, is labelled with Reactive Red 4 near rts 3 - 
lerminal position. Thequencheroligomer is madecomplementarytothe acceptor oligomer. bmis5to10ba^ 

The Quencher oligomer is constructed so that when it is hybridized to the acceptor oligomer, the Reactive Red 4 group 
is within 1 to 5 bases of the Texas Red group, causing complete quenching of the Texas Red fluorescence. 
[0138] Figure 4 shows the homogeneous assay procedure. This procedures can be earned using aqueous buffere 
common to the art of hybridization. Initially the multiple donor oligomer is provided into the f'°";°9«"^°".^.^y!,'^"',^^ 
an un-hybridized (single-stranded) oligomer and the quencher oligomer is provided to the ^V^'^^ ';y^rid^^^^^^^ 
acceptor oligomer. The target DNA is erther already present or now added to the assay system The system 's then 
heat^J to a temperature which causes denaturation of the target DNA. The system ,s then cooled to J^e new 
specific hybridizatbns to take place. The donor oligomer then hybridizes to its complementary ^^^^^^^^ ^"^^J^f 9^ 
DNA and he acceptor oligomer also hybrdizes to the target DNA. adjacent to the multiple donor Both ol 9«i^e f^are 
constructed relative to a preselected target sequence so that upon programmed assembly (hybrdization) the terrnina 
donor group is located within 3 to 6 base pairs of the acceptor group. The quencher oligonrier IS des^^^^^^ 
in lengm than the acceptor and therefor cannot effectively competewith target sequencesforhybndE^^^^^^ 
bound acceptor oligomer Any un-hybridized acceptor oligomer re-hybridizes with quencher oligomer. The terg«t^^^^^^ 
has now or^nized the donor oligomer and the acceptor oligomer for efficient extended energy transfer to the Texas 
Red group. Target DNA can be quantitatively determined by fluorescent analysis. = Hetprmined 

[OI3I] Theaboyeassembledsystemisthenexcitedat430nmandthefluore^entemissKx.at615^ 
Vhis homogeneous system has the unique advantages of having nofluorescent background fr«ntheanyof^^^^^^^^^^ 

;i ws as well'as irom any of the non-target hybridized acceptor oligomer. This ^-^;^ZZTeJe^ t^^ 
just oneofanumber of possible homogeneous and heterogeneous DNA assay systems that can be devetoped based 

on novel extended energy transfer mechanisms. 
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4. Demonstration Of FfRcient Energy Transfer In A Clo..h; Annrov,^.^ O onor.AccPnw .rr.., .^... 

NO 11): acceptor in the nucleotide sequence is shown bebw (SEQ ID 



5 ' -(TR) -G-(F} -GAGACTCATG.AGCAGGGGCTAGC-3 ' 

this derivative produced > 50% energy transfer intemisof eXm»^rJ. ! . ^ excited at 490 nm. 

SEQUENCE LISTING , 
(1) GENERAL INFORMATION: 



[0143] 1 

(i) APPLICANT: Heller. I|(1ichael J 

a^rrso^s-::^— ^^^^ 

(iji) NUMBER OF SEQUENCES: 11 ' 
(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Thomas Fitting 

(B) STREET: 12526 High Bluff Drive, Suite 300 

(C) CITY: San Diegd 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 92130 



. (V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release #1.0. Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT/US92 

(B) FILING DATE: 06-NOV-1992 
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(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

5 (A) APPLICATION NUMBER: US 07/790.262 * 

(B) FILING DATE: 07-NOV-1992 

(vlil) ATTORNEY/AGENT INFORMATION: 

10 (A) NAME: Fitting, Thomas 

(B) REGISTRATION NUMBER: 34.163 

(C) REFERENCE/DOCKET NUMBER: HEL0005P i 
(ix) TELECOMMUNICATION INFORMATION: 

75 

(A) TELEPHONE: 61 9-792-3680 

(B) TELEFAX: 61 9-792-8477 

(2) INFORMATION FOR SEQ ID NO:1 : 

20 

[0144] 

(i) SEQUENCE CHARACTERISTICS: 

25 (A) LENGTH: 10 base pairs ' 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear ' 
* 30 (ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 
(IV) ANTI-SENSE: NO 

35 

(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 10 , . 
40 (D) OTHER INFORMATION: /note= "Donor chromophore at the 3' T nucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1 : 



ATGCATACGT 



(2) INFORMATION FOR SEQ ID N0:2: 
50 [01451 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 
55 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
. (D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: DNA (genomic) 
(Hi) HYPOTHETICAL: NO 

I 

^ (iv) ANTI-SENSE: NO 

(ix)FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /note. "Acceptor chromophore at the 5* T nucleotide- 
(XI) SEQUENCE DESCRIPTION: SEQ ID N0:2: 



IS 



so 



25 



30 



35 



40 



45 



SO 



. TCACTACCAT 

(2) INFORMATION FOR SEQ ID NO:3: 
[0146] 

(i) SEQUENCE CHARACTERISTICS: 

. (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: DNA (genomic) 
(ili) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

ATCCTACTCA ACGTATGCaT 

(2) INFORMATION FOR SEQ ID NO:4: 
[0147] 

(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 
55 (ili) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



10 



20 
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(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(6) LOCATION: 6 . 
(D) OTHER INFORMATION: /note= 'Sulfortiodamine 101 (Texas Red)-labelled T nucleotide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 



ATCTCTCACT CCACCT 

(2) INFORMATION FOR SEQ ID NO:5: 
[0148] 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iil) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 11 

(D) OTHER INFORMATION: /note= "Fluorescein-labelled T nucleotide" 
(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 18 

(D) OTHER INFORMATION: /note= Tluorescein-labelled T nucleotide" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

ACGACCATAG TCCGACCTGC AGTCAGACAT 



(2) INFORMATION FOR SEQ ID NO:6: 
[0149] 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 
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(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(ix) FEATURE: 

(A) NAME/KEY; miscjeature 

(B) LOCATION: 11 

(D) OTHER INFORMATION: /note= 'Fluorescein-labGlled T nucleotide" 
(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 18 

(D) OTHER INFORMATION: /hote= "Fluorescein-labelled T nucleotide- 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 



CCCACTATCC TCGTCACTGT TCAGACCCT 



(2) INFORMATION FOR SEQ ID NO:7: 
[0150] 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 11 

(D) OTHER INFORMATION: /note= 'Fluorescein-labelled T nucleotide' 
(ix) FEATURE: 

(A) NAME/KEY: miscjeature 

(B) LOCATION: 19 

(D) OTHER INFORMATION: /npte= 'Fluorescein-labelled T nucleotide" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 



ACGACCATAG TGCGAGCCTC TGAACACTC 
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(2) INFORMATION FOR SEQ ID NO:8: 
[0151] 

5 (i) SEQUENCE CHARACTERISTICS: 

' (A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO . 
IS . 

(iv) ANTI-SENSE: NO 

(ix) FEATURE: 

20 (A) NAME/KEY: miscjeature 

(B) LOCATION: 5 

(D) OTHER INFORMATION: /note= "Fluoresceln-labelled T nucleotide" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 



ACCCTCTCAA CACTC 

30 (2) INFORMATION FOR SEQ ID NO:9: 
[0152] 

(i) SEQUENCE CHARACTERISTICS: 

35 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

40 

(ii) MOLECULE TYPE: DNA (genonnic) 

(iii) HYPOTHETICAL: NO 
4S (iv) ANTI-SENSE: NO 

(ix) FEATURE: 

(A) NAME/KEY: miscjeature 
so (B) LOCATION: 13 

(D) OTHER INFORMATION: /note= Tluorescein-labelled T 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

55 

CCTGCTCATG ACTCTCTC 



10 



IS 



20 



25 



30 



35 



40 



45 



60 



55 
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(2) INFORMATION FOR SEQ ID NO:10: 
[0153] 

. (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEpNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(ili) HYPOTHETICAL: NO . 
(Iv) ANTI-SENSE: NO 
. (Ix) FEATURE: 

(A) NAME/KEY: nnisc Jeature 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /note= "Texas Red-labelled G nucleotide" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

GACACACTCA TGAGCAGG 

18 

(2) INFORMATION FOR SEQ ID NO IV 
[0154] 

I 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single ' 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(ix) FEATURE: 

(A) NAME/KEY: misc Jeature 

(B) LOCATION: 1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO.1 1 : 
GCAGACTCAT GACCAGCCCC TAGC 

2& 
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Claims 

1 . A method for detection of a target polynucleotide sequence, comprising the steps of: 

providing a first polynucleotide sequence having one or more chromophores; 

providing a second polynucleotide sequence hybridized to the first polynucleotide sequence, the second poly- 
nucleotide sequence having one or more chromophores arranged in a quenching relationship to the acceptor 
chromophore of the first polynucleotide sequence when the first polynucleotide sequence and second poly- 
nucleotide sequence are hybridized; . c ■ ... 
exposing a target polynucleotide sequence to the hybridized first and second polynucleotide sequences, 
denaturing the hybridized first and second polynucleotide sequences; 
hybridizing the first polynucleotide sequence to the target polynucleotide sequences; 
hybridizing a third polynucleotide sequence having one or more donor chromophores to the target polynucle- 
otide sequence; and • ' . . . , i .u. 
irradiating the mixture to detect hybridization of the first polynucleotide sequence to the target polynucleotide, 
sequence by fluorescence energy transfer from the one or more donor chromophores of the third polynucle- 
otide sequence to the one or more acceptor chromophores of the first polynucleotide sequence. 

2. The method of claim 1. wherein the target polynucleotide sequence comprises DNA. 

3. The method of claim 1 . wherein the target polynucleotide sequence comprises RNA or synthetic polynucleotide. 

4. The method of any one of claims 1 to 3 wherein the second polynucleotide sequence is shorter than the first 
polynucleotide sequence. ^ 

5. The method of any one ot-claims 1 to 4 wherein the first polynucleotide sequence is bound to a solid support. 

6. The method of any one of claims 1 to 4 wherein the third polynucleotide sequence is bound to a solid support. 

7. The method of any one of claims 1 to 4 wherein the second polynucleotide sequence is bound to a solid support. 

8. The method of any one of claims 1 to 4 wherein target nucleic acid is bound to a sdid support. 

9 The method of any one of claims 1 to 8 wherein the donor chromophore is 4.4'-Diisothio<^anatod«iydro-stilbene- 
^^-disulfonicacid4-acetamido-4^isothiocyanato-stilbene-2,2^disulfon■|cacid,4.4^ 
disu«onic acid. Succinimidyl pyrene buty^te. AcrWine isothiocyanate. ^-'^^^V^-^ "^Pjf "^^^^^ 
6cyanate (DABITC). LucHer Yeltow vinyl sulfone. Fluorescein isothiocyanate. "^'^^^^^ ^ K^^f^ohL G^^^^^^^ 
Red 3B-A), Rhodamine X isothiocyanate. Texas Red (Solforhodamine 101. sulfonyl chlorKle). Malachite Green 
isothiocyanate, or IR144. 

10. The method of any one.of claims 1 to 9. wherein the acceptor chromophore is ^-^'-DJisothiocyan^^^^^^^ 

bene-2 2'-disulfonic acid. 4-acetamido-4'-isothiocyanato-stilbene-2.2'-disulfonic acid. 4.4'-Diisolhiocyana^osti I- 
bene-2>-disulfonic acid, succinimidyl pyrenebutyrate,Acridine isothiocyanate, 4-imethylamin^^^^^^ 
4'-isothiocyanate (DABITC), Lucifer Yellow vinyl sulfone. Fluorescein isothiocyanate. Reac ive Red 4 (C^acron 
BriLt Red 3B-A), Rhodamine X isothiocyanate. Texas Red (Sulforhodamine 101 . sulfonyl chloride). Malachite 
Green isothiocyanate. or IR144. 

11 ' The method of any one of claims 1 to 10. wherein the quenching chromophore is 4.4'-DiisothiocyanatodihydnD- 

IlLne 2?-disulfon« acid. 4-acetamido-4Msothfocyanato-stilbene-2,2'-disulfonic acid ;-'*':Di^«»o^^^^ 
bene-2.2--disutfonicacid.Succinimidylpyrenebutyrate.Acridineisothiocyanate^ 

4'-i80thiocyanate (DABITC). Lucifer Yellow vinyl sulfone. Fluorescein isothiocyanate, R^ac 've Red 4 (C^acron 
BrilZt^d SB-A), Rhodamine X isothiocyanate. Texas Red (Sulforhodamine 101. sulfonyl chloride). Malachite 
Green isothiocyanate, or IR144. 

12 The method of any one of claims 1 to 8 wherein each of the donor chromophores. acceptor chf0'^0P^°J«^; 

J enchtg chromophores is independently 4,4--Diisothiocyanatodihydro-stilbene-2.2.<JfeuHonic ac.d^4-acemm^. 
3o.4--isothiocyanato-stilbene-2,2--disulfonfc acid. 4,4--Diisothiocyanatostilbene-2.2^disulfon.c ^-^-^^^^"^^ 
pyrene butyrate. Acridine isothiocyanate. 4-imethylaminophenylazopehnyl-4Msothiocyanate (DABITC). Lucifer 
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IB. *™>^<"*«e«i"91l..p.e»nc.o.aB,g,,„»,.fcacM=e<^a™»,a=^,i,,„g,Hea^^^^ . 

s^rcir"*"'* "^'^ ^^""^^ ».« 

*™iurin9 the hvbndteM lirel and se«M poli^udo^ 

» 

16. The method of claim 15. vyherein the quencher moiety is a fluorescent chromophore. 

17. The method of claim 15. wherein the quencher moiety is a non-fluorescent chromophore. 
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FIG. 3A 
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